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ABSTRACT 

Epitaxial  YBa2Cu307-x  (YBCO)  films  were  produced  on  non-buffered  (100)  single 
crystal  LaAlOs  using  the  metal  organic  deposition  (MOD)  method  with  fluorinated  metal 
acetates.  In  an  effort  to  enhance  the  in-field  performance  of  the  films,  Sm  and  Nd  acetates 
were  fractionally  substituted  for  Y  acetate  in  a  series  of  precursor  solutions  to  incorporate 
an  array  of  nanoscale  flux  pinning  centers  in  the  post-annealed  films.  From  measurements 
taken  in  the  non-optimized  films  a  50%-150%  improvement  in  critical  current  density  at 
77K  in  fields  up  to  IT  were  found  for  films  with  a  1/3  substitution  of  the  Rare  Earth 
elements,  with  further  improvements  at  40K.  Furthermore,  a  study  of  the  microstructure  of 
the  films  by  scanning  electron  microscopy  (SEM)  reveals  the  presence  of  nanoparticles  on 
the  surfaces  of  the  films. 

KEYWORDS:  MOD,  Metal  Organic  Deposition,  YBCO,  Sm,  Nd,  substitution.  Rare  Earth 
PACS:  74.62.Dh,  74.78.Bz,  74.72.Bk 

INTRODUCTION 

Second  generation  high-temperature  superconductor  (HTS)  wire  is  based  on  an 
epitaxial  YBCO  film  grown  on  a  biaxially  textured  substrate.  A  primary  concern  in  the 
development  of  second-generation  HTS  wire  is  choosing  a  cost-effective  manufacturing 
process  that  maintains  the  high  electrical  performance  obtained  by  laboratory  methods. 
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This  requires  the  minimization  of  initial  capital  investments  and  ongoing  processing  costs 
while  maintaining  the  performance  required  for  practical  applications. 

The  Trifluroacetate-Metal  Organic  Deposition  (TFA-MOD)  process  is  being  used  in 
the  scale  up  of  coated  conductor  production,  since  it  provides  a  low  cost  solution  with  the 
added  benefits  of  high  production  rate,  no  vacuum  equipment  requirements,  large  scale 
film  imiformity,  and  high  critical  current  densities[l]  .  However,  in  order  to  be  utilized  in 
the  full  spectrum  of  power  applications,  such  as  generators,  transformers,  etc...  the  in-field 
performance  of  the  HTS  films  must  be  enhanced.  One  method  of  achieving  this 
enhancement  is  to  incorporate  nanoscale  defects  into  the  microstructure  to  act  as  magnetic 
flux  pinning  centers  that  create  a  potential  barrier  to  flux  flow.  Although  these  defects 
have  been  investigated  in  films  produced  by  Pulsed  Laser  Deposition  (PLD),  significantly 
less  has  appeared  in  the  literature  for  MOD  derived  films[2,3].  Furthermore,  techniques 
used  to  incorporate  nanoparticles  in  PLD  may  not  transfer  over  to  MOD,  due  to  the 
differences  in  the  growth  mechanisms  and  processing  environments.  In  this  initial  report  of 
an  investigation  to  determine  the  optimal  method  of  enhancing  the  in-field  performance  of 
TFA-MOD  YBCO  the  most  straight-forward  method  of  introducing  pinning  centers  into 
the  film  is  addressed;  that  of  Rare  Earth  elemental  substitution  for  Y.  It  was  previously 
demonstrated  that  that  by  substituting  Yttrium  by  other  RE  elements,  the  in-field  properties 
could  be  dramatically  improved  [4,5,6]  due  to  stress  field  induced  flux  pinning. 

Compared  to  other  deposition  methods,  it  may  be  simpler  to  incorporate  RE 
elements  for  Y  substitution  using  MOD.  Only  the  replacement  of  a  portion  of  the  Y  acetate 
by  one  or  more  RE  acetates  is  needed  in  the  preparation  of  the  precursor  solution. 
Furthermore,  due  to  the  similar  chemical  properties  of  the  metal  ions  and  sizes  of  the 
superconducting  lattice  unit  cells,  substitution  does  lead  to  large  degradation  in  the  film, 
but  can  still  produce  pinning  centers.  In  this  portion  of  the  study  the  RE  elements  of  Sm 
and  Nd  were  substituted  for  Y.  The  lattice  mismatch  of  the  SmBCO  and  NdBCO  unit  cells 
in  comparison  to  YBCO  are  a=  -0.41%,  b=  -0.34%,  c=  -0.29%  and  a=  -0.40%,  b=  -0.34%, 
c=  -0.34%,  respectively;  thus  producing  tensile  stress  when  incorporated  into  a  YBCO 
lattice  and  possibly  leading  to  phase  separation. 


EXPERIMENTAL 

The  YBCO  precursor  solution  was  prepared  by  dissolving  amounts  of  Y,  Sm,  Nd,  Ba, 
and  Cu  acetates  in  TFA  according  to  a  stiochiometric  ratio  of  Yi-xRExBa2Cu3  where 
RE=Sm  or  Nd  and  X=V3,  %  or  1 .  The  solution  was  refluxed  for  4  hours  and  subsequently 
heated  to  remove  TFA.  To  remove  traces  of  TFA,  water  and  acetic  acid  the  purifying 
method  suggested  by  Araki  et  al.  was  used  [7].  Thus,  the  resulting  gel  was  dissolved  in 
methanol  and  refluxed  several  times  at  323K.  The  purified  gel  was  dissolved  in  methanol 
to  attain  a  final  solution  concentration  of  0.25M.  The  precursor  solution  was  deposited  on 
LaAlOs  <100>  substrates.  Excess  solution  was  removed  by  spinning  the  films  at  4000rpm 
for  120s  in  air.  The  samples  were  heat  treated  with  a  schedule  similar  to  the  one  reported 
by  Y.-A.  Jee  et  al.  [8]. 

Samples  where  analyzed  to  determine  the  texture  and  microstructure.  The  texture  was 
analyzed  using  X-ray  difraction  and  the  microstructure  was  characterized  utilizing  SEM.  A 
Rigaku  coupled  26  goniometer  along  with  a  Phillips  Materials  Research  Diffractometer 
utilizing  CuKotl  radiation  were  used  to  obtain  26  scans.  The  26  scans  were  taken  between 
10°  and  120°  with  a  step  size  of  0.05°  and  a  scan  rate  of  6°/min.  The  SEM  used  for  surface 
imaging  is  a  Sirion  microscope  made  by  FEI. 
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RESULTS 


Figures  1  and  2  display  the  X-ray  diffraction  patterns  of  Yi.xNdxBa2Cu307.Y  and  Yi. 
xSmxBa2Cu307.Y  where  X=  0,  Vs,  Ys  and  1.  Only  the  (00/)  peaks  appear  in  the  RE 
substituted  films  and  are  located  at  the  same  positions  as  those  of  YBCO.  This  shows  the 
successful  growth  of  the  substituted  textured  films  and  is  supported  by  measured  Tconset 
values  of  ~92K  and  transition  widths  of  2-4K  for  YBCO  and  RE  substituted  samples.  The 
intensity  of  the  peaks  decrease  with  the  addition  of  Nd  or  Sm,  which  implies  that  the 
crystallinity  or  unit  cell  structures  are  changing  with  increased  dopant  concentration.  It 
must  be  noted  that  these  films  were  processed  using  parameters  developed  for  YBCO. 
They  are  therefore  not  optimized  and  it  is  possible  that  under  different  conditions  less 
change  would  be  observed.  In  particular  use  of  a  higher  temperature  during  the  conversion 
process  might  provide  a  significant  improvement  in  crystallinity;  since  NdBCO  and 
SmBCO  both  have  a  higher  formation  temperature  than  YBCO. 
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FIGURE  1.  X-ray  diffraction  patterns  for  Yi.xNdxBa2Cu307.Y  where  X=  0,  Vs,  %  and  1. 
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FIGURE  2.  X-ray  diffraction  patterns  for  Yi.xSmxBa2Cu307.Y  where  X=  0,  ‘/s,  %  and  1. 
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Figures  3  and  4  display  the  in-field  critical  current  density  of  several  Sm  and  Nd 
doped  films  compared  to  YBCO  at  77K  and  40K,  respectively.  The  in-field  critical  current 
is  significantly  improved  by  the  V3  substitutions  of  Sm  and  Nd.  At  77K  in  fields  up  to  IT 
50%-150%  improvements  in  critical  current  density  were  found  for  these  films.  While  the 
Smo.33  curve  remains  nearly  constant  in  relation  to  YBCO  at  40K,  the  Ndo33  curve  exhibits 
a  further  improvement  in  performance.  At  40K  the  Ndo33  film  has  a  critical  current  density 
>100%  larger  than  YBCO  up  to  4T,  >50%  larger  up  to  8T  and  some  level  of  improvement 
up  to  lOT.  Only  the  Smo.66  sample  shows  deterioration  in  the  film  quality.  At  77K  the 
entire  curve  of  Jc  is  below  that  of  YBCO  and  shows  such  a  large  negative  slope  that  at  1.5T 
Jc  is  only  15%  of  the  YBCO  value.  At  40K  there  is  some  improvement  at  fields  less  than 
4.5T,  however  at  that  field  density  there  is  a  crossover  and  the  performance  is  degraded  at 
higher  fields.  These  results  call  for  a  more  detailed  investigation  of  substitutions  around 
33%  and  lower  concentrations  in  order  to  determine  an  optimal  doping  level. 


Magnetic  Field  Density  (T) 


FIGURE  3.  In-field  critical  current  density  of  films  at  77K. 


FIGURE  4.  In-field  critical  current  density  of  films  at  40K. 
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FIGURE  5.  SEM  pictures  of  the  Yo.66Ndo.33Ba2Cu307.Y  (left)  and  Yo.66Sino.33Ba2Cu307.Y  (right). 


SEM  images  of  the  Yo.66Ndo.33Ba2Cu307.Y  and  Yo.66Smo.33Ba2Cu307_Y  films  are  shown 
in  Figure  5.  Nanoparticles  less  than  lOnm  wide  are  present  on  both  of  the  substituted  films. 
These  particles  are  not  observed  on  pure  YBCO  film.  On  the  Ndo.33  film  the  particles  are 
randomly,  tmiformly  arrayed,  while  on  the  Smo.33  film,  the  nanoparticles  decorate  the  grain 
boundaries.  Although  a  cross-sectional  TEM  analysis  would  be  needed  to  confirm  the 
presence  of  nanoparticles  inside  the  films,  the  surface  particles  suggests  that  phase 
separation  has  occurred  for  both  RE  substitutions. 


CONCLUSIONS 

This  initial  report  of  a  study  on  the  optimization  of  in-field  properties  of  second 
generation  HTS  wire  produced  by  MOD  reveals  a  significant  improvement  of  the  critical 
current  density  of  YBCO  films  by  the  fractional  substitution  of  the  RE  elements  Nd  and 
Sm  for  Y.  Additionally,  the  nanoparticles  on  the  surface  of  the  films  suggest  that  the 
improvement  may  be  due  to  the  presence  of  particulate  pinning  centers  within  the  films 
brought  about  by  phase  separation.  In  higher  quality  films  these  nanoparticles  are 
anticipated  to  likewise  improve  the  in-field  performance;  however,  in  order  to  verify  these 
results  the  baseline  YBCO  film  quality  must  be  further  improved  and  the  proper  processing 
parameters  determined  for  the  substituted  films. 
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